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“George could not resist. He
simply HAD to open it.”
–Margret and H.A. Rey, Curious
George Goes to the Hospital [1]
Self control is not just a problem
for curious little monkeys. Both
people and animals often prefer
immediate over delayed rewards,
even when patience would yield a
much bigger payoff [2–4]. This
phenomenon, known as temporal
discounting in economics and
impulsivity in psychology, implies
that the value of the more distant
reward is diminished, or
discounted, by the time
intervening between the choice
and the reward. Temporal
discounting helps explain why it is
so difficult to get teenagers to
save for retirement or why it is
impossible to leave a dog at home
with enough food for a week and
expect it to ration its
consumption.
Temporal discounting is
typically studied by offering a
choice between a smaller reward
now and a larger reward some
time in the future. By changing the
size of rewards and their delays,
the rate at which future rewards
are discounted can be calculated.
Such estimates suggest that the
value of future rewards declines
rapidly [2,5], and this decline can
be described mathematically by a
hyperbolic function [2] or the sum
of two exponential functions [5,6]. 
At first blush, temporal
discounting may seem irrational
— why should a monkey prefer
one banana now when it could
have three in a week? Discounting
makes more sense in light of the
inherent uncertainty of future
payoffs. Taking one banana today
is guaranteed, but a monkey
might not survive long enough to
harvest a bumper crop of future
bananas.
While patience may be a virtue,
“perseverance furthers” [7]. Our
cultural valuation of hard work
highlights the fact that many
people prefer the easiest options
even when they are less
rewarding, just as they value
immediate over delayed rewards.
As they reported recently in
Current Biology, Stevens and
colleagues [8] have now shown
that monkeys also discount
rewards by effort. In their
experiments, two species of small
South American monkeys,
common marmosets and cotton-
top tamarins, were offered a
choice between a small reward
and a large reward (Figure 1A).
When the two rewards were
equally close, both tamarins and
marmosets chose the larger
reward. As the distance to the
larger reward was increased, the
tamarins continued to prefer it,
but the marmosets abruptly
switched their preferences and
chose the smaller, but closer,
reward.
Stevens and colleagues [8]
suggest that both species base
their choices on the relative,
rather than absolute, magnitudes
of rewards. When given a choice
between two close or six distant
banana-flavored treats, both
species chose the larger reward
with the same frequency as when
given a choice of one close or
three distant treats. Like other
animals [3], tamarins and
marmosets seem to choose
based on the ratio of rewards
rather than their absolute values.
The authors ruled out the
possibility that simple perceptual
differences, such as an inability to
discriminate the larger rewards
when they were far away, might
account for spatial discounting by
marmosets [8]. Indeed, as both
species have similarly sized
brains, body sizes, and social
structure, it seems unlikely that
any of these factors could be
responsible for the differences in
spatial discounting reported.
These observations suggest
that marmosets discount rewards
as a function of distance or effort
(Figure 1B), all the more surprising
in light of a separate set of
experiments by Stevens and
Hauser [9] which showed that
marmosets are more patient than
tamarins when choosing between
immediate small rewards and
delayed larger rewards. In those
experiments, marmosets
overwhelmingly preferred the
larger rewards — even when they
were delayed for longer than it
took to travel to the distant but
larger rewards in the new study
(Figure 1C) [8]. These data
suggest that marmosets
differentially discount rewards as
a function of time and effort.
A central tenet of economics is
that choosers show ordered,
Decision Making: The Virtue of
Patience in Primates 
Marmoset monkeys devalue rewards requiring travel to acquire, but
tamarin monkeys do not, despite the greater patience of marmosets
when rewards are delayed in time. Such preference reversals, not
predicted by standard economic theory, may reflect behavioral
mechanisms adaptively specialized for different spatial and temporal
patterns of foraging.
stable preferences across
contexts. The preference reversal
shown by marmosets violates this
axiom and implicates the
engagement of psychological
mechanisms other than purely
rational decision-making. Stevens
and his colleagues [8] argue that
differences in spatial and
temporal discounting by
marmosets and tamarins reflect
specialized behavioral
mechanisms adapted to the
foraging problems encountered
by each species in the natural
environment. Marmosets are
highly specialized
morphologically for gouging trees
to harvest gums, a spatially
localized resource that renews at
regular temporal intervals.
Tamarins, on the other hand,
range widely over vast territories
in search of ripe fruit and insects.
Such differences in foraging
would appear to require different
behavioral strategies. Marmosets
should exercise temporal
patience but might be reluctant to
travel far for food, whereas
tamarins should impulsively
abandon small local food sources
for the promise of distant but
larger rewards. In a prior
comparative study of foraging
cognition in monkeys [10],
tamarins were found to remember
the location of food sources for
longer periods than marmosets.
These observations suggest that
specialized memory systems may
have evolved in concert with the
hypothesized reward discounting
mechanisms to support foraging
on foods with distinct spatial and
temporal distributions in the
environment.
The effects of context on reward
discounting observed in these tiny
monkeys may have implications for
understanding variation in the way
humans discount rewards.
Substance abuse, for example,
implies preference for immediate
gratification despite long-term
negative consequences. In some
cases, temporal discounting can
explain effort discounting. For
example, differing discount rates
for rewards as a function of time
appear to explain variation
amongst students in their
willingness to do extra-credit
homework. Those students who
are most willing to wait for a large
monetary reward are also more
willing to do extra credit homework
than their more impatient
counterparts [11]. In contrast,
reward discounting mechanisms in
marmosets and tamarins appear to
be context-dependent.
The brain mechanisms
predisposing individuals to
patience or impulsivity likely
involve neural circuits involved in
valuation and decision-making.
Neurobiological studies suggest
that different brain areas may
process immediate and delayed
rewards [12–14]. Activation of
these neural circuits may be
modulated by the balance of the
neurotransmitters dopamine and
serotonin [15–17], which is
disrupted in psychiatric disorders
associated with impaired
decision-making such as
addiction, pathological gambling,
attention-deficity hyperactivity
disorder, and depression [18].
In light of their patience and
diligence, respectively,
marmosets and tamarins may be
useful animal models for probing
the psychological and neural
mechanisms underlying individual
variation in discounting behavior
in humans. Uncovering
commonalities in the ways people
and monkeys discount rewards as
a function of time and effort may
reveal why certain people are
predisposed to patience or
impulsivity. These considerations
highlight the power of
comparative animal studies for
explaining both the proximate and
ultimate causes of variation in
behavior and cognition.
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Figure 1. Spatial versus temporal discounting in monkeys.
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road... what will the little monkey do? (Monkey cartoon to the right reproduced from The
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mosets are more willing to wait for a large reward than are impatient tamarins. In eco-
nomic terms, the larger reward has higher subjective utility (based on data in [9]). These
valuations show preference reversal — both species devalue reward in opposite direc-
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Juan Burrone
An important challenge in
neuroscience is to understand how
neurons connect with each other
to perform computations.
Experimentally, this requires
measuring the transfer of
information at individual synapses,
the sites of communication
between neurons. Achieving this is
no easy feat, as there are a number
of experimental prerequisites for
probing the fast, local and small
episodes that constitute a synaptic
event. Although electrophysiologi-
cal techniques are remarkably
sensitive, they do not afford much
spatial resolution and cannot easily
be used to study the properties of
individual synapses. For this
purpose researchers have turned
to optical imaging techniques. To
date, the best known optical
reporters of neuronal activity are
organic calcium dyes; used in
combination with modern imaging
techniques, they report changes in
calcium influx within a single
synapse and have the sensitivity to
detect responses to single action
potentials. A drawback of these
dyes, however, is the invasiveness
of the technique, as the dyes have
to be introduced into cells either
mechanically through a patch
pipette or by using membrane
permeable analogs (less invasive,
but also less specific). 
With the development of
genetically encoded calcium
probes that are expressed in situ,
this problem was circumvented,
albeit at a cost in sensitivity.
Genetically encoded optical
reporters of activity, which include
calcium sensors and the reporter
of synaptic vesicle cycling,
synaptopHluorin, lack the required
sensitivity to detect responses to
single action potentials [1]. In
addition, they report processes
with slow time constants, in the
order of hundreds of milliseconds
to seconds. Given that synaptic
events occur at the millisecond
timescale, these probes are
somewhat slow for the proper
resolution of information transfer
at a synapse. A new probe, called
synapcam, overcomes at least
one of these drawbacks, by
allowing the detection of
postsynaptic glutamatergic events
in response to a single
presynaptic action potential [2].
In the Right Place at Not Quite
the Right Time
There are a variety of genetically
encoded reporters of cytosolic
calcium concentration. One such
calcium sensor, called Cameleon
for its spectral shifts in response to
calcium, is composed of a calcium
binding calmodulin domain linking
a cyan fluorescent protein (CFP) at
one end and yellow fluorescent
protein (YFP) at the other [3]. Upon
binding calcium, calmodulin
changes conformation, bringing
CFP and YFP in close proximity,
allowing a process called
fluorescence resonance energy
transfer (FRET) to occur (Figure 1).
Following the description of the
first Cameleon probe, a number of
Synaptic Physiology: Illuminating
the Road Ahead
A number of genetically encoded reporters of neuronal activity are
being developed to assay synaptic activity with single synapse
resolution. A recently engineered probe allows imaging of
glutamatergic transmission with high sensitivity, and similar probes
may help pave the way for optical imaging of excitatory synaptic
function in vivo.
